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Purpose: Low-dose total body irradiation (TBl) is used
to treat non-Hodgkin’s lymphoma (NHL) and several
other malignancies. Large volumes of bone marrow and
other tissue receive considerable exposure, but few stud-
ies have quantified late carcinogenic sequelae.

Patients and Methods: A cohort of 61 2-year survi-
vors of NHL treated initially with low-dose TBl was moni-
tored for second cancer occurrence. Data on primary and
subsequent therapy were collected, and cumulative dose
of radiation to active bone marrow (ABM) (median, 5.2
Gy) was reconstructed.

Results: Thirteen second primary cancers occurred.
Four patients developed acute nonlymphocytic leukemia
(ANLL), which represents a relative risk (RR) of 117 (95%
confidence interval [Cl], 31.5 to 300) compared with pop-
ulation rates. A fifth patient was diagnosed with myelo-
dysplastic syndrome (MDS). All five patients with second-

LTHOUGH most radiotherapy for malignant disease
involves the delivery of large amounts of radiation
to relatively small volumes of diseased tissue, some sys-
temic cancers are treated with low-dose total body irradia-
tion (TBI)."? This treatment modality uses very low indi-
vidual TBI fraction sizes (most commonly .1 to .15 Gy)
given several times a week until a cumulative dose of
approximately 1.5 Gy has been administered. Higher total
doses of TBI (eg, 10 Gy) are used in preparatory regimens
for bone marrow transplantation.” Renewed interest in
low-dose TBI is seen in the management of non-Hodg-
kin's lymphoma (NHL),*” chronic I ymphocytic leukemia
(CLL),*”® and certain nonneoplastic conditions.”'* How-
ever, there are few data on the long-term effects of thera-
peutic low-dose TBI,™'"-'* despite its previous use>''-'*>'
and the current interest in therapeutic applications.
Most recently, Mendenhall et d*noted the occurrence
of secondary myeloproliferative disorders in four of 44
patients given TBI as primary treatment for NHL.*We
report the 15-year follow-up data of a unique group of
patients given low-dose TBI for NHL and compare risks
of secondary leukemia with those seen in lymphoma pa-
tients initially treated with other modalities.
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PATIENTS AND METHODS

Study Subjects

A retrospective follow-up study was conducted among all NHL
patients treated initially with low-dose TBI at the Harvard Joint
Center for Radiation Therapy (JCRT) in Boston, MA .22 The present
survey is part of amulticenter investigation, with results for institu-
tions that did not routinely use low-dose TBI reported separately.”’

ary hematologic malignancies subsequently received
salvage treatment, with either alkylating agents alone
(n = 1) or combined modality therapy (CMT) (n = 4).
Overall, eight solid tumors were observed (RR = 2.0;
95% CI, 0.9 to 4.0). The 15-year cumulative risks of all
second cancers and secondary ANLL were 37% and 17%,
respectively.

Conclusions: Despite the small number of subjects, a
considerable risk of leukemia was observed among pa-
tients treated with low-dose TBI in combination with CMT
including alkylating agents. Based on these results, ap-
proximately eight to nine excess ANLLs might be ex-
pected to occur among 100 NHL patients treated with
low-dose TBI and salvage treatment and followed-up for
15 years.
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Eligibility criteria for all sites included a diagnosis of NHL as the
first primary cancer from January 1, 1965 through December 31,
1980; age between 18 and 70 years at time of initial diagnosis; and
survival of = 2 years.* All 61 patients within the final JCRT cohort
also received low-dose TBI as primary therapy for NHL, with a
portion of these subjects included in an earlier survey. '

NHL patients were traced for vital status, occurrence of second
primary cancers, and subsequent therapy through the end of the
study (December 31, 1991). Sources of data included the JCRT,
local hospitals and outpatient clinics, other radiotherapy facilities,
and offices of private physicians. For all reported cases of secondary
acute nonlymphocytic leukemia (ANLL) or myelodysplastic syn-
drome (MDS), clinical records and bone marrow pathology reports
were reviewed to ensure that cases did not represent leukemic pro-
gressions of NHL. The five eligible cases included four patients with
ANLL and one with MDS, according to the criteria of Bennett et
al. > All cases are subsequently referred to as ANLL for simplicity
of presentation.

Diagnoses of solid tumors were established through examination
of pathology reports in seven of eight cases. In one subject, a diagno-
sis of breast cancer was accepted based on patient presentation,
mammographic findings, and clinical assessment of the attending
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physician. Initial diagnoses of NHL were confirmed by review of
pathology reports, and classified into one of the major subgroups of
the Working Formulation.”

Data Abstraction: Radiation and Cytotoxic Drug
Exposure

Standardized abstract forms were used to collect demographic and
medical record data, including information on all NHL treatment,
using the sources listed earlier. TBI was administered using mega-
voltage equipment, with patients typicaly treated with a dose of
0.15 Gy twice a week until a cumulative dose of approximately
1.5 Gy was reached. Forty-six patients subsequently received local
radiotherapy with fields located in the abdomen and/or pelvis (33%),
chest and/or mantle (17%), abdomen and/or pelvis plus chest and/
or mantle (41%), head and neck only (79%), or other (2%). Detailed
radiotherapy records were used to estimate radiation dose to 17
partitions of active bone marrow (ABM)® for each treatment course.
For patients given subsequent involved-field therapy, absorbed dose
to ABM in atreated volume was calculated using standard radiother-
apy depth dose data. Dose to ABM in areas outside radiation beams
was calculated by measurement in water phantoms.”™ An overall
mean ABM dose was derived by summing weighted doses to individ-
ual bone marrow partitions. Bone marrow doses were substantially
greater from local radiotherapy (5 Gy) than TBI.

Salvage therapy that included alkylating agents was administered
to 41 patients. The names of chemotherapy protocols and cytotoxic
drugs and dates and duration of administration were abstracted from
medical records.

Statistical Analysis

Person-years (PY) of observation were compiled according to age,
sex, and calendar-year period from 2 years after date of NHL diagno-
sis to the date of last follow-up visit, date of diagnosis of ANLL or
other second primary cancer, date of death, or end of study (Decem-
ber 31, 1991), whichever occurred first. Incidence rates from the
Connecticut Tumor Registry specific for age, sex, and 5-year caen-
dar-year periods were multiplied by the accumulated PY at risk to
estimate the number of expected cancers. Statistical tests and 95%
confidence limits were based on the assumption that cases followed
a Poisson distribution. The cumulative relative probability of devel-
oping a secondary malignancy was calculated using Kaplan-Meier
methods.”

The excess risk (excess number of cases of leukemia per 10,000
patients) within the first 15 years after diagnosis of NHL was esti-
mated by subtraction of the expected number from the number ob-
served; division of the difference by PY of follow-up and then
multiplication by 13 (which is the number of years at risk, assuming
a latent period of 2 years before the onset of leukemia) and by 10°.
For example, four observed cases of ANLL compared with 0.03
expected during 594 PY of follow-up evaluation would correspond
to an estimated excess of approximately 869 ANLLs per 10,000
patients over 15 years: (4 — 0.03)/594 x 13 x 10°= 869. Diagnoses
of MDS were not included in calculations of observed-to-expected
ratios (O/E) or excess risk, since underlying incidence rates are not
available.

RESULTS

Selected distribution characteristics of NHL patients
are listed in Table 1. The mean age at NHL diagnosis

TRAVIS ET AL

Table 1. Selected Characteristics of NHL Patients

Men Women Total
Characteristic (n = 30) {n = 31) (N = 61)
Age at NHL diagnosis, years
< 50 11 15 26
50-59 15 12 27
60-70 4 4 8
NHL stage
lorll 5 é 1
Il or IV 25 25 50
NHL classification*®
Low grade 22 25 47
Intermediate grade 2 1 3
High grade 2 2 4
Other or NOS 4 3 7
NHL pattern
Follicular 18 21 39
Diffuse 7 7 14
Other 5 3 8t
NHL treatment (all)
TBI only 4 4 8
TB!: subsequent RT 4 8 12%
TBI; subsequent alkylating agents 4 2 6
TBI; subsequent RT and
uii(yioting agents 18 7 35§
Subsequent solid tumors 4 4 8
Subsequent ANLL or MDS 5 0 5
Status at study end’
Alive 7 9 16
Dead 22 22 44
Lost to follow-up 1 0 1

Abbreviations: NOS, not otherwise specified; RT, radiotherapy.
*According to the Working Formulation classification system.?’
tincludes 1 patient with follicular and diffuse patterns, and 7 for whom
|ymph node architecture could not be discerned from pcfho|cgy reports.
$Subsequent RT consisted of involved-field RT (11 patients) or a second
course of TBI (1 patient). Of 11 patients who received involved-field RT, 2

later received hich-dosa TBI before bone marrow transolantation
igter received nign-aose {Bi betore bone marrow franspiantation.

§Subsequent RT consisted of involved-field RT (31 patients), involved-
field RT plus a second course of TBI (3 patients), or involved-field RT plus
hemibody RT (1 patient]. Of 31 patients who received invoived-field RT
alone, 2 later received high-dose TBI before bone marrow transplantation.

'December 31, 1991.

was 49.5 years (median, 50; range 28 to 69 y). Most
patients presented with advanced disease, typically with
low-grade follicular lymphomas. Subjects were followed-
up for amean of 9.7 years (median, 8.6; range, 2 to 21.7)
after NHL diagnosis. Forty-eight, 27, and 12 patients were
followed-up for 5, 10, and 15 years, respectively. By
close of study, 44 patients had died, 16 remained aive,
and one was lost to follow-up.

Subsequent courses of treatment included radiother-
apy (12 patients), alkylating agents (six patients), or
both (35 patients). Alkylating agent therapy typically
consisted of cyclophosphamide-based regimens (25
patients) or chlorambucil (12 patients) with or without
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Table 2. Cumulative Radiation Dose to ABM Among Patients With NHL

Dose (Gy)

No. of PY of Follow-Up No. of No.,* Site, and Histology of Solid
Treatment Group Patients Median Range After NHL dx ANLLs Tumors (latency after NHL dx, years)
TBI only 8 1.5 1.5-1.8 61 0 3: stomach, adenocarcinoma (3.6)
kidney, renal cell carcinoma
(6.5) thyroid, papillary
carcinoma (6.8)
TBI; subsequent RT 12 58 1.5-16.7 168 0 Q0
TBI; subsequent alkylating agents 6 1.5 1.2-1.7 60 1 2: prostate, adenocarcinoma (3.3
and 12.7)
TBI; subsequent RT and 35 8.8 1.1-20.7 305 4 3: breast, adenocarcinoma {6.4)
alkylating agents breast, unknown histology (9.3)
colon, adenocarcinoma (13)
All patients 61 5.2 1.1-20.7 594 5 8

Abbreviation: dx, diagnosis.
*“Number of patients in whom second cancers developed.

cyclophosphamide. Other cytotoxic drugs were given
to four additional patients. Cyclophosphamide was
typically administered with vincristine and prednisone
(CVP)™; doxorubicin, vincristine, and prednisone
(CHOP)”; vincristine, procarbazine, and prednisone
(COPP)**; or bleomycin, doxorubicin, vincristine, and
prednisone (BACOP).** The median duration of all
subsequent chemotherapy was approximately 18
months (mean, 25.9; range, 1.7 to 97).

The median cumulative dose of radiation to ABM
among all 61 patientswas 5.2 Gy (range, 1.1 to 20.7 Gy)
(Table 2). The dose varied according to administration of
subsequent treatment. Among eight patients who received
no therapy following TBI, the median dose to bone mar-
row was 1.5 Gy. The radiation dose to bone marrow
(median, 8.8 Gy) was greatest among 35 subjects who
later received combined modality treatment (CMT). Five
ANLLs and eight solid tumors were subsequently identi-
fied among the NHL cohort.

Clinicopathologic data for patients who developed sec-
ondary ANLL are listed in Table 3. All patients who
developed ANLL were men and all received salvage treat-
ment, typically with both radiotherapy and alkylating
agents (patients no. 1 to 3, and 5). Patient no. ! underwent
autologous bone marrow transplantation (ABMT) for re-
current NHL 9 years after initial diagnosis. ANLL oc-
curred about 3 years after transplantation. Among all pa-
tients, treatment-related ANLL developed a median of
9.1 years after NHL diagnosis (range, 2.6 to 13.1). Sur-
vival after ANLL was poor (median, 6.5 months; range,
1t08).

All four leukemias could be considered excessive in
comparison with the general population, since only 0.034
cases were expected (O/E, 117; 95% confidence interval,
31.5 to 300) (Table 4). There was no evidence of arela

tionship between leukemia and radiation dose to bone
marrow, although analyses were limited by the small
number of available ANLL cases.

For al solid tumors taken together, a nonsignificant
twofold risk was apparent, with site-specific excesses
listed in Table 4. Cumulative risk rates for ANLL and all
second cancers were 17% and 37%, respectively, 15 years
after NHL diagnosis (Fig 1).

DISCUSSION

Despite the small number of NHL patients studied,
only 61, a significant excess of leukemic conditions devel-
oped in five (or 8%). This remarkable increase appeared
related to the combination of TBI followed by salvage
therapy that included alkylating agents. Within our series,
the cumulative 15-year risk of leukemia was 17% and
the relative risk (RR) was 117. In contrast, for acute
radiation exposure situations, the cumulative risk of leu-
kemiais less than 4%.** Large excesses of leukemia are
never seen in populations exposed only to ionizing radia-
tion, but they can be quite high following intense chemo-
therapeutic exposures. It thus is likely that subsequent
chemotherapy contributed to the excess risk of leukemia
in our series, either directly or by enhancing the effect
of low-dose TBI. Data from animal studies suggest that
low-dose TBI may expand the number of bone marrow
stem cells subject to potentia transformation by alkylat-
ing agents.” One multicenter investigation of breast can-
cer patients given large-field chest wall irradiation and
chemotherapy suggested a multiplication of the individual
risks from these two leukemogenic therapies.*

Our previous quantitative study of leukemia following
NHL* showed an association with cytotoxic drugs, but
RRs (range, twofold to 13-fold) were much lower than
observed in the present series, although similar chemo-
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Table 3. Secondary ANLL or MDS Following NHL: Clinicopathologic Data
NHL Secondary ANLL or MDS
Total RT
Dose Time Survival
Patient Age NHL dx NHL Initial Therapy (RT (Gy) to Since NHL After ANLL
No. (years)*/Sex {month/year) Stage dose to ABM, Gy) Subsequent Therapyt ABM {years) FAB dx {months)
i 35/M 5/77 2 T8I {1.5) CTX—6 months 8.9 12.3 ANLL, NOS 3.7
M-BACOD—6 cycles
RT: left groin
BMT: TBI, CTX—2 months
2% 47/M 3/78 4 TBI {1.5) CHLB—7 months 1.8# 13.1 MDS, RA 7.1
CTX—11 months
RT: 2 courses§
3 53/M 8/71 3 TBI (1.2) TBI—2nd course 4.1 2.6 ANLL, M6 6.5
RT: 2 courses§
CVP—2 cycles
4 52/M 1/72 3 TBI (1.4) COPP—9 cycles 1.4 8.8 ANLL, NOS 8.0
CHLB—94 months
5 55/M 7/73 3 TBI (1.5) BACOP—2 cycles 18.0 9.1 ANLL, NOS 1.0

Abbreviations: ADR, doxorubicin; BACOP, bleomycin, doxorubicin, cyclophosphamide, vincristine, and prednisone; BMT, bone marrow transplantation;

CHLB, chiorambucil; COPP, cyclophosphamide, vincristine, procarbazine, and prednisone; CTX, cyclophosphamide; CVP, cyclophosphamide, vincristine,
and prednisone; CYTA, cytarabine; FAB, French-American-British; HBI, hemibody RT; M-BACOD, methotrexate, bleomycin, doxorubicin, cyclophospha-
mide, vincristine, and dexamethasone; M, male; N/A, not available; RA, refractory anemia.

*Age ot diagnosis of NHL.
tTherapy given before diagnosis of ANLL or MDS.

$Since population cancer rates do not include MDS, this patient was excluded from calculations of O/E ratios and excess risks.

virea 1 fatvnn immmandicatalh, sline cnmmmd TN, —ioba oL Looal ool

Course 1: head and neck, supraclavicular nodes, and right axilla. Course 2: left semi-mantle, abdomen, and pelvis. Course 3: whole brain.

fCourse 1: hemibody skin treatment. Course 2: lumbar spine {records insufficient to estimate dose).

#Represents minimum dose.

therapy regimens were used. Other types of NHL treat-
ment that combine large-field radiotherapy with alkylat-
ing agents have also been associated with large risks (100-
to 1,000-fold) of ANLL."¥ Results of these investiga-
tions™ and other analytic series of ANLL following

Table 4. Risk of Second Primary Cancer Following NHL

Site Observed Expected*® O/E 95% Cl
All second cancerst 12 4.25 2.8 1.5-4.9
All solid tumors 8 3.97 2.0 0.9-4.0
Stomach 1 0.10 97 0.1-53.7
Rectum 1 0.22 4.6 0.1-25.7
Breast 2 0.56 3.6 0.4-12.9
Prostate 2 0.39 5.1 0.6-18.5
Kidney 1 0.11 9.0 0.1-50.0
Thyroid 1 0.03 34.5 0.5-192
ANLLT 4 0.03 117% 31.5-300

Abbreviation: Cl, confidence interval.

*Expected numbers have been rounded to 2 decimal places.

tSince population cancer rates do not include MDS, the patient with
secondary MDS was excluded from calculations of O/E ratios and excess
risks.

P < .05.

NHLZ>** are listed in Table 5. Lower risks (twofold to
13-fold) of secondary ANLL have been noted in several
prior reports,®*' with 76-fold excesses following high-
dose cyclophosphamide.” Although the study by Men-
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Fig 1. Cumulative risk of second primary cancers among 61 2-

year survivors of NHL. Second cancers occurring < 2 yeare ¢ :r NHL
diagnosis are not included in the estimates. Percentage.  »arenthe-
ses indicate actuarial risk at 15 years.
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Table 5. Overview of Analytic Studies of Secondary ANLL Following NHL

No. of NHL No. of Risk (95% Cl or P value)
First Author, Year Patients Type of Treatment for NHL ANLLs
Gomez, 1982% 41 Total lymphoid irradiation 1 O/E 162 (n/a)
40 Total lymphoid irradiation, carmustine, 4 O/E 1,082 (n/a)
mechlorethamine, cyclophosphamide,
vincristine
81 All treatments 5 O/E 341 {P < 0.001j
Greene, 1983" 517 Varied: involved- or extended-field 9 O/E 105 (48-199)
radiotherapy, TNR, TBI, or HBI, chemotherapy
(frequently cyclophosphamide)
Pedersen-Bjergaard, 1985% 498 Alkylating agents, usuc“y |ong-term Q@ O/E 76 (n/a)
cyclophosphamide
Lavey, 1990% 322 Chemotherapy 5 RR 10.6 {3.4-24.8)
72 RT 0 RR 0 (0-183)
292 CMT 4 RR 11.9 (3.2-30.6)
Lishner, 19914° 3,021 Varied: RT and/or chemotherapy 8 RR 6.9 (2.9-13.1)
Travis, 1994%* 11,386 Prednimustine 4 RR 13.4 (1.1-156)
Mechlorethamine/procarbazine 4 RR 12.6 (2.0-79)
Cyclophosphamide 11 RR 1.8 (0.7-4.9)
Chlorambucil é RR 2.4 (0.7-8.6)
RT, high-dose 6 RR 3.1(0.7-13.7)

Abbreviations: n/a, not available; TNR, total-nodal irradiation.

*Case-control study: referent group for calculation of RRs associated with alkylating agents consisted of patients not given these drugs. Referent group

I3 e ' a5 n . . i N ;g o~ L o . . ! -~
tor high-dose K1 group ld‘eﬁnedI 'by median cumuiative dose to bone marrow, or 0.35 uy) consisied of patients who received no RT or low-dose RT {<

6.35 Gy).

denhall et d '* did not include risk estimates (and thus is
not listed in Table 5), four secondary myeloproliferative
disorders occurred among 44 NHL patients given low-
dose TBI as primary therapy. It is noteworthy that the
overal proportions of NHL patients with secondary
ANLL are similar in the present study and the survey
reported by Mendenhall et a,?ie, 8% (five of 61) and
9% (four of 44), respectively.

Women constituted approximately 50% of our initial
NHL cohort, but all secondary ANLLs occurred in men.
This is an unusua finding, and may be due to chance,
given the smal numbers of patients in our study. Of
analytic series in which patient sex is specified,"***
44 men and 18 women developed secondary ANLL after
NHL, but risk estimates were generally not stratified by
sex. In our prior survey, excesses of ANLL following
alkylating agent therapy were comparable among men
and women.*

One of the NHL patients in our series developed sec-
ondary ANLL severa years following ABMT. Estimates
of the cumulative risk of secondary MDS/ANLL 5 to 6
years after ABMT for NHL range from 4% to 18%™****,
however, the roles of prior therapy and the preparative
regimen for transplantation are difficult to distin-
guish.>*** Similar to our subject, most lymphoma pa-
tients tend to be intensively treated, even before
ABMT %

The twofold risk of solid tumors, although based on
only eight cases, is noteworthy if large numbers of pa-
tients are ever treated with these combined modalities,
eg, recipients of bone marrow transplants. The breast and
thyroid are highly susceptible to carcinogenic induction
by ionizing radiation; however, there is a strong modi-
fying effect with age at exposure, with risk being lower
with increasing age. Cancers at these sites can aso be
readily ascertained by intense screening, which might be
afforded patients who return frequently to the clinic for
follow-up visits. Similarly, prostate cancer is aso highly
detectable in patient populations that undergo close sur-
veillance.* Future studies are needed to determine the
potential adverse effects among long-term survivors who
received high-dose TBI and concomitant chemotherapy.

The optimal management of advanced-stage, low-
grade NHL has not been defined.” Since many pa-
tients survive for prolonged periods without medical
intervention, © effective therapeutic strategies that
minimize adverse effects should be selected. Most pa-
tients with advanced-stage, low-grade NHL will even-
tualy relapse, as in the present study, necessitating
re-treatment, typically with alkylating agents. In
choosing patient therapy, clinicians should be ap-
prised of the large relative risk of ANLL associated
with low-dose TBI followed by salvage therapy and
balance this against survival benefit. Mendenhall et
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al'? suggest that low-dose TBI not be administered as
primary treatment for NHL, in view of other available
options.

Low-dose TBI, given alone* or with other therapeutic
modalities,”* has also been recently used as initial treat-
ment for CLL and the management of nonneoplastic dis-
eases refractory to other therapies .**) The efficacy of these
treatment approaches should aso be carefully considered
in light of possible late effects and the availability of
aternative therapies, particularly for CLL.*

Our results must be viewed in light of several strengths
and limitations of the present investigation. Strong points
include the careful definition of the study cohort, ascer-
tainment of subsequent therapy, estimation of radiation
dose to bone marrow, and histologic confirmation of diag-
noses. The small number of patients available for study
remains the most serious limitation. Nonetheless, our re-
sults suggest that low-dose TBI followed by salvage ther-
apy is associated with a risk of ANLL that may greatly
supersede those following some NHL treatments, '
but not others.* The exceptional disparity between
the leukemogenicity of NHL treatments in our prior
study** and those in the current report is also evident
when excess risks are compared. Approximately six ex-
cess ANLLs might be expected to occur among 10,000
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NHL patients treated with selected regimens that include
low cumulative doses of cyclophosphamide and moni-
tored for 15 years.> Therapy with prednimustine might
yield 93 excess ANLLSs over the same period,” whereas
primary management with TBI followed by salvage treat-
ment could result in 869 excess ANLLSs.

Follow-up data of other patients treated with low-dose
TBI**''*2" would be informative to confirm the high
risk of subsequent ANLL reported here and suggested by
the data of Mendenhall et a.” Cytogenetic and molecular
studies of ANLL that occurs in this unusual setting may
aso provide further insights into underlying mechanisms
of leukemogenesis. The risk of solid tumors following
TBI, either low-dose or high-dose, is also not well de-
fined, and might become an important consideration for
patients, especialy children, who survive for long periods
after bone marrow transplantation.
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